| INTRODUCTION
Upper extremity bony defects following osteomyelitis, especially in the setting of drainage with fibrotic, avascular tissues are notoriously difficult to treat. Osteomyelitis, most commonly seen as a sequela of septic radiocarpal arthritis, trauma, or surgery, leads to bony necrosis and collapse. (Chin, Spak, & Jupiter, 1999; Morgan, Fisher, Merianos, & Currie, 1996) It is predisposed to recurrent infection with commonly used methods of reconstruction.
Definitive treatment for osteomyelitis requires aggressive debridement of infected tissue and can result in considerable bone loss, soft tissue loss, and carpal collapse, increasing the difficulty of reconstruction and stabilization. In these instances, vascularized bone grafts (VBGs) are sometimes employed, given their resistance to infection, own vascularity, and osteogenic potential. Malizos et al., 2010 ) Additionally, they provide increased structural support for stable osteosynthesis and a decreased time to definitive bony union. VBGs allow the delivery of the systemic antibiotics necessary to treat radiocarpal osteomyelitis and hasten osteosynthesis. They are also more likely to heal in problematic recipient environments given their own vascularity and osteogenic potential. (Choudry, Bakri, Moran, Karacor, & Shin, 2008) A potential solution for a readily available VBG with minimal donor site morbidity is the medial femoral condyle (MFC). (Kazmers, Thibaudeau, Gerety, Lambi, & Levin, 2018) This VBG has a robust blood supply from the descending geniculate artery (DGA), and can be harvested in combination with muscle, cartilage or skin. (Iorio, Masden, & Higgins, 2011 ) When used in hand reconstruction, the MFC has most commonly been used to treat scaphoid and metacarpal non-unions, where it has demonstrated a higher rate of union than distal radius pedicled vascular grafts. (Burger, Windhofer, Gaggl, & Higgins, 2014; Henry, 2015; Jones Jr., Burger, Bishop, & Shin, 2008; Wong, Higgins, & Katz, 2014) In an effort to stabilize bony defects with vascularized bone techniques following radiocarpal osteomyelitis we have utilized the MFC to provide bony reconstruction and soft tissue resurfacing. The purpose of this paper is to report a case series of our experience with this technique for limited and complete radiocarpal arthrodesis, with associated patient outcomes.
| PATIENTS AND METHODS
The institutional review boards at both institutions involved approved this study. Consecutive patients of the senior authors who underwent wrist arthrodesis with medial femoral condyle VBGs with an inclusive age range 18-75 years old were retrospectively evaluated for the time period between January 2014 and September 2016. 
| Surgical technique
The MFC harvest was carried out using the previously described surgical technique. (Iorio et al., 2011; Sakai, Doi, & Kawai, 1991) The incision was made as a straight line, or curvilinear if a skin paddle was to be included with the bone flap (Figure 1 ). In instances that required a skin paddle for additional soft tissue coverage, Doppler ultrasound was utilized to find the cutaneous branch of the DGA. Following this incision, including the anterior portion of the skin paddle, the vastus medialis muscle fascia was released and the muscle retracted anteriorly. The small muscular branches to the vastus medialis from the DGA were carefully ligated, and the sartorious tendon was retracted posteromedially to expose the course of the DGA pedicle.
Bone wax was utilized to create a model of the defect, and the MFC periosteum was incised with the bovie cautery. A combination of straight and curved osteotomes were utilized to harvest the graft and prevent cortical delamination. The pedicle, including the venae comitantes, was dissected to the origin from the superficial femoral artery in the adductor hiatus and ligated for transfer to the wrist.
Following harvest, the femoral defect was packed with cancellous allograft, and the periosteal sleeve was closed over the graft site, and the vastus medialis was advanced distally over the harvest site to prevent a palpable deformity (Figure 2 ).
| CASE REPORT
A 45 year-old, right hand dominant female presented to the emergency room with a chronically draining and erythematous radiocarpal joint secondary to intravenous and subdermal drug abuse. The patient was taken to the operating room for a total carpect- The patient was treated with 6 weeks of intravenous vancomycin, followed by oral sulfamethoxazole and trimethoprim.
Unfortunately, the patient was lost to follow-up but returned 3 months later without signs of ongoing infection or drainage.
The patient was then taken for arthrodesis of the radial metaphysis to metacarpal bases with a vascularized medial femoral condyle osteocutaneous flap (bone 4 × 3 × 2 cm, skin 5 × 9 cm; Figure 4 ).
The patient returned to the operating room for revision bone grafting of the metacarpal bases utilizing autologous iliac crest and removal of the external fixator. Three months later, the patient demonstrated full radiographic union, with maintenance of good composite motion and no pain in the medial femoral donor site or difficulty with ambulation (Video 1). Three patients underwent primary union, with the 4th patient requiring revision cancellous bone grafting to ultimately fuse the proximal and distal osteosynthesis sites. The internal fixation was changed during the revision, as the nonunion was thought to be secondary to mobility at the fixation sites.
| RESULTS

Of
Average follow up was 8.5 months (range 2-17 months). Final radiographic fusion of the MFC occurred on average at 11.5 weeks (range 8-15), counting the 4th patient from the time of revision.
At the final follow up, all patients were off antibiotics and none had clinical or radiographic signs of recurrent infection. One patient was placed on doxycycline oral suppression while he had hunter rods in place for staged tendon reconstruction, but stopped taking One patient experienced distal dehiscence of the donor site, and was taken back to the operating room for revision and closure. Otherwise, at final follow-up, all patients denied pain in the donor leg and knee both at rest as well as with ambulation/running. Three patients were able to make a composite fist after healing, with the 4th only limited in range of motion due to multiple staged tendon reconstructions, but still nearly able to make a composite fist. No other complications were noted.
| DISCUSSION
This report describes 4 cases of radiocarpal osteomyelitis treated with debridement and vascularized bone reconstruction utilizing the medial femoral condyle osteocutaneous flap. Currently, this is the first report of the flap utilized in this application, and we were able to demonstrate good outcomes without recurrence of infection.
The vascularized corticocancellous MFC demonstrates excellent utility for treatment of intercalary defects of the wrist following severe osteomyelitis. Through our staged approach of culture-driven debridement and vascularized bone flaps, we were able to provide a stable arthrodesis in all 4 patients, although 1 patient required revision cancellous bone grafting to reach union. In these patients, the MFC was primarily used to limit the risk of recurrent infection, shorten grafts to reconstruct such defects, but still required 31.7 weeks on average to reach union in defects <4 cm. (Patwardhan et al., 2013) Moreover, the question of ongoing biofilm recolonization and potential indolent infection with the use of prolonged hardware and avascular grafts is unclear.
For VBG wrist reconstructions after osteomyelitis, traditionally the vascularized fibula graft has been used to reconstruct the deficits, including defects involving the entire carpus, base of metacarpals, and part of the radius. One case report demonstrated the successful staged reconstruction of osteomyelitis of the wrist with a vascularized fibula, with 41 month follow up and no signs of recurrent infection. (Chin et al., 1999) Time to union was not given. A similar study presented 2 cases of a fibula VBG for complete wrist arthrodesis and reconstruction following osteomyelitic debridement, reaching union in an average of 3.5 months. Osteomyelitis was also successfully eradicated in those patients. (Taniguchi, Yoshida, Doi, Tamaki, & Tamaki, 2002) Though the MFC has not been previously described for wrist arthrodesis, it has been successfully used in the treatment of upper extremity nonunions. In a case series of 5 upper extremity nonunions, 2 of which were infected, a corticoperiosteal MFC was used to treat 2-3 cm defects and all reached union <3 months. The defects were filled with nonvascularized cancellous bone graft from the same donor site and the vascularized corticoperiosteal graft was wrapped around the opposite side of the nonunion from the fixation. (Del Pinal et al., 2007) Additionally, Fei and colleagues treated 15 nonunions with defects ranging from 0.8 to 3 cm defects of the upper extremity with a vascularized, corticocancellous MFC graft, including 4 scaphoid and 3 proximal phalanx nonunions that all healed with a mean union time of nearly 13 weeks. (Fei et al., 2015) However, only 2 of those nonunions were secondary to osteomyelitis, and they were not used for wrist arthodesis. One series that that had 12 nonunion sites treated with a corticoperiosteal MFC reached primary union in 9 patients in 3.8 months on average, and secondary union without hardware modification in 2 more. (Choudry et al., 2008) Patients in our series reached union in 11.5 weeks despite requiring treatment for osteomyelitis.
Small and medium size defects can be easily bridged with a vascularized corticocancellous MFC flap that maximizes the opportunity for healing and has minimal donor site morbidity. In a recent review of 29 patients at a single institution, there were no cases of permanent donor site injury such as knee instability, femoral fracture, pain, or numbness. (Kazmers et al., 2018) The MFC can be molded to the appropriate size and shape necessary for partial or total wrist arthrodesis, even when the entire carpus has been removed. While the largest corticocancellous segment taken in our series was 24 cm 3 , the DGA has been shown to perfuse the femur on average 13.7 cm proximal to the joint line, with resection limited distally by the medial collateral ligament. (Iorio et al., 2011) Resections larger than 5 cm in length have also previously been reported, though there are still limited data on the long-term donor site morbidity after these larger femur resections. (Gaggl, Burger, & Chiari, 2008) In our series, no patients sustained iatrogenic femur fractures or ongoing disability at the donor site.
Compared to other VBGs such as the fibula, the MFC can provide a large portion of vascularized cancellous bone (average 75.5 mm at 3 cm from the joint line) with a flat cortical surface that can be contoured and utilized for osteosynthesis. (Masden, Iorio, & Higgins, 2013) The average vascular pedicle length is 7.7 cm. (Kazmers et al., 2018) When resection is limited to the MFC, knee stability is not affected long-term and there is very minimal risk of an iatrogenic femur fracture. Additionally, while it is difficult to identify the nutrient vessels for smaller bone segments of other VBGs, the vascular territory of bone perfused by the DGA has been studied, and therefore taking small segments from it are more predictable. (Iorio et al., 2011) FIGURE 5 A, Final outcome after a successful wrist fusion with a medial femoral condyle vascularized bone graft and maintenance of finger motion and composite fist. B, Postoperative computed tomography demonstrating proximal and distal bridging
It can be harvested as a chimeric flap to include skin, bone, and muscle, and can be easily molded for small and medium size defects. The major limitations of these results are the small sample size and short time of follow-up. More patients are needed to accurately assess the non-union, time to union, and other measurements in this study.
Nonetheless, we believe the approach employed here is applicable for any similarly involved wrist within any institution that has microsurgical capabilities. 
